We show that in the vacuum inflation model, the gravitational baryogenesis mechanism will produce the baryon asymmetry. We analyze the evolution of entropy and baryon number in the vacuum inflation model. The comparison between dilution speed and the chemical potential may give a natural interpretation for decouple temperature of the gravitational baryogenesis interaction. From the result, the mechanism can give acceptable baryon-to-entropy ratio in the vacuum inflation model.
I. INTRODUCTION
A model consider that the universe can be spontaneously inflated has been proposed [1] . Instead of inflaton, the Universe are derived by the quantum potential in this model. This model can also give the scalar and tensor perturbations after the fluctuations revision are introduced [2] . Instead of inflaton field, the radiation and matter are created by Hawking radiation in this model. The reheating process is also replaced by the rapid decay of quantum potential. Though this model gives some good results. It is still a immature theory. One of the problem is the baryon asymmetry. The Hawking radiation itself can not give the the matter-antimatter asymmetry. Hence we need propose a mechanism to generate the matter-antimatter asymmetry in this model.
From the observations of cosmic microwave background radiation (CMBR) or the predications of Big Bang nucleosynthesis. The Universe contains an excess of matter over antimatter. The matter-antimatter asymmetry is the baryon or lepton asymmetry indeed. The ratio of baryons to photons from the Cosmic Microwave Background Radiation by the PLANCK experiment is [3] n B s = 0.864
where n B is the density of the baryon and s is the entropy density. All of the baryogenesis theory that can give acceptable baryon-to-entropy ratio are beyond the standard model. So how the baryon asymmetry was generated is remains a mystery. It is generally accepted that the baryon asymmetry should be generated dynamically as the Universe expands and cools. A. Sakharov listed three ingredients to realize the baryon asymmetry [4] . (1) Baryon-number nonconserving interaction. The universe is supposed to start with zero baryon number. But the contemporary universe has nonzero baryon number. The baryon-number * Corresponding author. Electronic address: qycai@wipm.ac.cn should not be a conserved quantity. (2) CP violation. The initial matter-antimatter symmetry means one particle always accompany with an antiparticle. If interaction does not break the charge conjugation and parity. The antiparticle will always produce the opposite particles of what particle produces at the same rate.(3) An arrow of time (Departure from thermal equilibrium). Thermal equilibrium can recovery T symmetry. The CPT theorem tell us that it will recovery CP symmetry also. So, an arrow of time is necessary for baryogenesis.
Though the standard model can realize baryogenesis by sphaelerons [5] . The CP-violating phases is too small to generate acceptable baryon number. It is necessary to seek for more effective sources of CP-violating process. One of the intriguing thought is that the gravitational interaction should be able to break any global symmetry [6, 7] . The baryon symmetry belongs to global symmetry. It is natural to break such symmetry in the strong gravitational system. Gravitational anomaly from index theorem is one kinds of gravitational baryogenesis model [8] . The Chern-Simmons term of gravity will introduce lepton number current. The couple between inflaton and Chern-Simmons term will arise the chemical potential for lepton. The chemical potential can be expressed as the change rate of inflaton. The change of inflaton during the inflation will give the chemical potential to the lepton, and therefore leptogenesis. Unfortunately, the baryon number will be suppressed by Hubble parameter. When we take the Hubble parameter of early stage of inflation. The baryon number is too small. If the sphaelerons are active after inlflation. The introduced Chern-Simmons term will change the mode of gravity wave even when they are out of the horizon. They may not be able give acceptable baryon number.
Another gravitational baryogenesis mechanism was proposed about a decade ago [9] . It gives CP-violating interaction by the combination of the derivative of the Ricci scalar curvature R = 12H
2 + 6Ḣ and the B-current
where M * is the cutoff scale of the effective theory. In this theory, the change rate of Ricci scalar curvature gives the chemical potential of baryon µ B ∼ ±Ṙ/M 2 * . The highly homogeneous of the Universe can also explain the homogeneous of baryon asymmetry. During Radiationdominated era, the Ricci scalar curvature equal to zero and not be able to give baryon asymmetry. During Matter-dominated era, the Hubble parameter is too small to give any observable phenomenon of baryon asymmetry. These means the baryon asymmetry are mainly produced during the inflation period. At this period, the slow change of Hubble parameter can gives stable production of baryon asymmetry. This means that the baryon density will not be diluted even during the inflation. With that, we can break the common sense that the baryon asymmetry process should be occurred after the inflation [5] . We will adopt this mechanism and show how to realize baryogenesis in the vacuum inflation.
For simplicity, we use Planck units in this paper.
II. GRAVITATIONAL BARYOGENESIS OF VACUUM INFLATION
The temperature is cool down during the inflation, the Universe is obviously departure from thermal equilibrium. With CP-violating interaction Eq. 2, CP violation and Baryon-number nonconserving interaction are fitted. So all the ingredients gived by Sakharov are satisfied. In order to calculate the baryon-to-entropy ratio, we need know evolution of the baryon density and entropy density in the vacuum inflation. In the vacuum inflation model, the radiation and matter are created by Hawking radiation [2] . We can calculate the entropy of them. For R andṘ are nonzero during the inflation, the interaction in Eq. (2) will give a chemical potential to the baryon number. It will derive the Universe towards nonzero equilibrium baryon asymmetry. During the inflation, the temperature will drop down. Once it drops below a decouple temperature T D , the baryon number will be frozen and no longer change. Unlike that, the entropy will continue to increase until the end of the inflation.
At first, we will analyze the entropy, temperature and matter density evolution in the vacuum inflation model. For the temperature is very high during the inflation, all the particles created at this period are relativistic. The evolution of matter density ρ is [2]
where g * counts the total degrees of freedom for particles, σ is the StefanBoltzmann constant and H is the Hubble parameter. During the inflation, the radiation is the main component. We can obtain the temperature and entropy density of the matter [10] with thermodynamic relations T = (
. Once we know the matter density of the Universe, the temperature and entropy are very easy to calculate. At the early stage of inflation, the quantum potential derive the Universe inflated as
where p and C1/C2 is a parameter of the vacuum inflation model, l 2 = 8π/3. Substituting Eq. (4) into Eq. (5), we find the matter density will increase very fast from zero to
With matter density we can easily know the temperature of the matter is T = 3 −1−p 1/4 H 4π , which is a little different from the temperature of Hawking radiation T = H/(2π). The entropy density at the early stage of inflation is
At the late stage of inflation, the Universe is about to exit the inflation. The change of hubble parameter is very complicate. We need use numerical calculation. The evolution of temperature of the vacuum inflation model is showed in Fig. (1) . FIG. 1: The evolution of Hawking radiation temperature TH and the temperature of matter TM . They are decrease slowly during the early stage of inflation. The quantum potential tends to zero at the end of the inflation. Hence the temperature of matter will decrease in the same form as the radiationdominated era.
Then we will calculate the baryon number. As we will see, the chemical potential will decrease slowly during the early stage of inflation. But the baryon density will be diluted very fast. So the baryon density should be decided by the the chemical potential. At the late stage of inflation, the chemical potential will decrease strongly. The baryon density will be diluted much slower. The chemical potential can not produce baryon number any more.
The baryon number will be frozen and the CP-violating interaction is decouple. It gives a natural interpretation for the decouple temperature of the CP-violating interaction Eq. (2).
At the early stage of inflation, we can rewrite the Ricci scalar curvature and its time derivative as
where the ǫ i are the Hubble flow-functions (HFFs)
In the vacuum inflation model, the quantum potential derive the inflation. Only ǫ 1 is no trivial in this thoery.
We can obtain
where p is the same parameter of Eq. (9 
where g b ∼ O(1) is the number of intrinsic degrees of freedom of baryons. In order to show the evolution of the baryon number, we need introduce the conformal baryon density η B ≡ n B × a 3 . The conformal baryon density reflect the baryon number indeed. As we showed in Fig. (2) , the baryon number has a maximum value. This means the chemical potential can not produce baryon number after that scale. The baryon number will be stay at its maximum value other than decrease along the chemical potential. It is easy to see the decouple temperature will not influenced by parameter M * . And the conformal baryon density is inversely proportional to M 2 * . Once we obtain the decouple scale, we can calculate the ratio of baryons to photons at that temperature. For the entropy of the Universe is still increase until the end of the inflation, this asymmetry will be diluted. From numerical calculation, The dilution factor is approximately 0.77 and hence, the final asymmetry is
Now, only the cutoff scale M * remains uncertain. If we take it as reduced Planck scale M * = 1 8π , we will obtain n B /s ≈ 1.88 × 10 −10 . It is a litter big than experimental result. This means the CP-violating interaction Eq. (2) is able to give acceptable baryon asymmetry in the vacuum inflation model. . We can see the conformal baryon density has a maximum expectation value.
III. DISCUSSION AND CONCLUSION
We introduced the gravitational baryogenesis interaction in the vacuum inflation. The inflation derived by quantum potential will arise no trivial Ricci scalar curvature. Hence it will give a chemical potential for baryon. At the late stage of inflation, the quantum potential will decreases rapidly. The CP-violating interaction can no longer produce baryon number. The baryon number will be frozen. According to the calculation. This mechanism is able to give acceptable baryon asymmetry.
